severe headache, but was fully conscious. Of the five patients, three experienced no symptoms attributable to dural AVFs before having suffered an intracranial hemorrhage; the other two patients did experience symptoms before the hemorrhage. One patient (Case 1) had a history of chemosis and exophthalmus in the right eye; in that patient we had performed transarterial embolization 5 years before the current admission. The patient in Case 3 had a history of left-sided pulsatile tinnitus, which disappeared 1 week before the patient experienced intracranial hemorrhage. Characteristic CT findings in four of our five patients included small hemorrhages surrounding the fourth ventricles and ventricular perforation (Fig. 1) . The fifth patient suffered a massive cerebellar hemispheric hemorrhage. In three patients (Cases 2, 3, and 4) dural AVFs were located in the left transverse-sigmoid sinus, in one patient (Case 1) they were in the right cavernous sinus, and in one patient (Case 5) they were located in the right SPS. The dural AVFs in Cases 1, 2, 3, and 5 were classified Type III according to the scale proposed by Borden, et al. 4 (Djindjian, et al., 7 Type D); they each had a small number of draining veins. In these four patients the dural AVFs had retrograde leptomeningeal venous drainage through the SPS and petrosal vein toward the ALMV and/ or the VLR4V. The dural AVFs in Case 4 were classified as Type II according to the scale proposed by Borden, et al., 4 (Grade 3 according to the scale of Lalwani, et al.
Venous drainage in that patient was through the cortical veins, with a retrograde flow through the torcular herophili and the perimedullary veins from the left jugular bulb.
Illustrative Cases
For illustrative purposes, we selected the following two patients.
Case 2
This 63-year-old woman fell suddenly into a coma and was transported to our institution by ambulance. Upon her arrival, CT scanning results demonstrated acute hydrocephalus and a small hemorrhage in the patient's left cerebellar dentate nucleus as well as ventricular perforation (Fig. 1B ). An emergency ventriculostomy was performed and the patient gradually regained consciousness. An an-
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Cerebellar hemorrhage caused by dural AVF giogram of the left CCA revealed a dural AVF at the TS-SS junction. Retrograde leptomeningeal venous drainage through the petrosal vein was connected to the ALMV and the VLR4V (Fig. 2) . Transarterial cyanoacrylate embolization was performed and the AVF disappeared. The patient was later discharged from the hospital with mild cerebellar ataxia.
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Case 4
This 49-year-old man heard a small popping sound in his head that was followed by a severe headache. A CT scan obtained upon his admission to the hospital demonstrated a small hemorrhage in the patient's left cerebellar dentate nucleus as well as ventricular perforation (Fig.  1D ). An arteriogram of the left CCA revealed dural AVFs of the left transverse-sigmoid sinus (Fig. 3 left) . The dural AVFs could be observed to have multiple retrograde leptomeningeal venous drainage routes including drainage through a perimedullary collateral vein associated with a venous lake (Fig. 3 center) . We performed transarterial coil embolization and transvenous coil packing of the transverse and sigmoid sinuses on the left side. The dural AVFs disappeared and, when the patient was discharged, he had no neurological deficits (Fig. 3 right) .
Results
The patients in Cases 1, 2, 3, and 5 underwent extraventricular drainage from the anterior horn of the lateral ventricles. Three patients (Cases 1, 2, and 3) gradually improved after ventricular drainage. The patient in Case 5 also underwent surgical removal of the hematoma and coagulation of the abnormal vessels. The patients in Cases 1, 2, 3, and 4 underwent transarterial embolization of branches of the external carotid artery, which supplied the dural AVFs. Embolic agents used to close the fistulas included particle emboli (polyvinyl alcohol), liquid adhesives (N-butyl-2 cyanoacrylate), and platinum wire coils. Transfemoral transvenous embolization was also performed in one patient (Case 4). Three months after treatment, two patients (Cases 3 and 4) had no neurological deficits and two patients (Cases 1 and 2) only had slight cerebellar ataxia. Repeated angiography data revealed complete closure of the dural AVFs in Cases 2, 3, and 4. In the patient in Case 1, who was treated with external carotid artery embolization alone, there was a residual blood supply through the internal carotid artery. This patient refused additional surgery, and 3 months after treatment, manifested mild cerebellar ataxia, although there was no further hemorrhage. Three months after treatment, one patient (Case 5) remained in a persistent vegetative state. In our series, there were no complications during surgery and endovascular treatment.
Discussion
The severity of symptoms in patients with dural AVFs associated with intracranial hemorrhage or venous infarction is affected by the presence of retrograde leptomeningeal venous drainage.
1,3-6,13-17,23,25 Although intracranial hemorrhage occurs in 15 to 20% of patients with dural AVFs located in the transverse-sigmoid sinus, 15 intracranial hemorrhage rarely occurs in patients harboring dural AVFs in the cavernous sinus.
Dural AVFs With Cerebellar Hemorrhage Reported in the Literature
Our search of the literature yielded five reports of cerebellar hemorrhage due to dural AVFs (Table 2) . Computerized tomography studies performed in those patients demonstrated small or medium-sized hematomas surrounding the fourth ventricle, and in one patient a massive hematoma. The dural AVFs were located in the transverse sinus (especially in the torcular herophili) or the SPS. These patients experienced a sudden onset of symptoms; none of them had exhibited prior symptoms of venous infarction.
Venous Drainage and Location of the Hemorrhage
A schematic drawing of the SPS and surrounding sinuses and veins (Fig. 4) shows that the SPS lies between the cavernous sinus and the TS-SS junction. Thus, the SPS can provide a drainage route from transverse and/or sigmoid sinus dural AVFs or cavernous sinus dural AVFs. Retrograde leptomeningeal venous drainage toward the petrosal vein may occur in both types of dural AVFs. Four of our patients (Cases 1, 2, 3, and 5), as well as a patient reported by Nishino, et al., 20 had retrograde leptomeningeal venous drainage toward the ALMV and/or the VLR4V. Hemorrhage occurred at the cerebellar vermis, the dentate nucleus, and surrounding structures of the fourth ventricle. [10] [11] [12] 18 On the other hand, in the other four previously reported cases, venous drainage occurred through the IVVs. 2, 3, 16, 23 The watershed zone between the IVV and the VLR4V is the surrounding structure of the fourth ventricle, in four of the five previously reported cases hemorrhage occurred in this area.
Differential Diagnosis
In many patients hypertensive cerebellar hemorrhage is thought to be caused by bleeding of the dentate nucleus. 8 On CT scans, this is demonstrated as a high-density area in the cerebellar hemisphere, which is in contact with the fourth ventricle. 21 In our patients, the hemorrhage was in contact with the fourth ventricle and arrival at a definitive selection in a differential CT-based diagnosis between hypertensive cerebellar hemorrhage and hemorrhage from a dural AVF was difficult. Although the causes of bleeding among our patients and previously reported patients were different, the lesions were very similar and differed in only two respects: 1) cerebellar hemorrhages from the dural AVFs were shifted slightly to the cerebellar vermis; and 2) all hemorrhages perforated the ventricles. Patients who suffered spontaneous hypertensive hemorrhages smaller than 3 cm were found to have few ventricular perforations. 21 Cerebellar hemorrhages due to dural AVFs tend to be small, but are accompanied by intraventricular hemorrhage and a severe decrease in the level of consciousness. Therefore, it is important to consider dural AVF in cases in which there is even a small hemorrhage near the fourth ventricle accompanied by intraventricular perforation and a decreased level of consciousness.
Case Management
We performed extraventricular drainage in four of our five patients. Arai patients with cerebellar and intraventricular hemorrhage, ventricular drainage should be performed. Dural AVFs have been successfully treated by endovascular occlusion and/or surgical intervention. 9, 22, 24, 25 Endovascular procedures such as transarterial and transvenous embolization are effective in these cases. However, in patients with large hematomas, emergency evacuation of the hematoma and excision of the vascular malformation should be performed. In some cases, clipping of the retrograde venous drainage turned out to be a simple and effective method to deal with dural AVFs. 20 
